Objective: To evaluate the scolicidal and immunomodulatory effect of the Ziziphora tenuior (Z. tenuior) extract and its fractions. Methods: Protoscolices were treated with six concentrations (3, 5, 10, 25, 50, and 100 mg/mL) of Z. tenuior extract and its fractions (ethanol, petroleum ether, ethyl acetate and chloroform) in periods of 10, 20, 30, 40, 50 and 60 min, and viability of protoscolices was evaluated using the 1.0% eosin. To examine the immunomodulatory effects of Ziziphora and its fractions on macrophage cells, the non-toxic concentration of extract and different fractions determined by MTT assay, and the Griess reaction was used to measure the level of nitrite as an indicator of nitric oxide by the macrophage cells in 10, 100 and 200 mg/mL in 24 h at 37 C. Results: In this study, the Z. tenuior extract at 10 mg/mL concentration was able to kill all protoscolices during 20 min. By increasing the concentration to 25 mg/mL, the scolicidal time reduced to 10 min. Regarding the effect of different fractions of Z. tenuior, the ethanolic fraction showed the highest scolicidal activity. The extract demonstrated an inhibitory effect on the activity of macrophages and reduced nitric oxide production. Although the petroleum ether and ethanolic fractions of the extract reduced nitric oxide production, nevertheless, this effect was only significant at 10 and 100 mg/mL concentrations (P < 0.05). Conclusion: The Z. tenuior extract and its fractions were effective against protoscolices yet the effect of total extract was considerable. Our findings indicates that the extract and its ethanolic and petroleum ether fractions could have anti-inflammatory properties.
Introduction
Hydatidosis is one of the zoonotic and parasitic infectious diseases and is considered as an important health concern in terms of well-being and economic. It is caused by the larval stages of cestodes (tapeworms) of the genus Echinococcus such as Echinococcus granulosus (E. granulosus). The canines and herbivores are the final and intermediate hosts of this parasite, respectively. The disease in humans is caused by colonization of metacestode forms of the parasite in various organs including the liver, lung, and brain and is endemic in many countries including Australia, South America, South Africa, East Europe, Middle East, and also in Iran [1] [2] [3] [4] [5] [6] .
Currently, despite the risk of leakage of cyst contents and the spread of protoscolices in the body and even the possible risk of secondary hydatidosis in infected patients, the surgery is still the most effective treatment option [7, 8] . Choosing effective and safe scolicidal agents and injection of such substances into hydatid cysts prior to operation is of great importance for many surgeons as it can reduce the risk of cyst leakage [7, 9, 10] . To date, various chemical substances have been used to inactivate protoscolices before surgery, however the application of these compounds, due to their side effect, are controversial and limited and still no candidate substance with desirable effect and minimum harm is reported [2, 8, 10] . Considering the aforementioned problems, the natural medicinal products (medicinal plants) has recently been considered as an alternative to synthetic materials [11] . Of these natural products and plants, the garlic (Allium sativum), Ajwain (Trachyspermum ammi L.) and Punica granatum have been reported as scolicidal materials, and to ensure their harmless, the researchers have suggested further investigations on these plants [12] [13] [14] . The Ziziphora plant is a member of the family Lamiaceae. Ziziphora genus composes of 40 species in the Mediterranean, Central Asia, and also in Iran. There are four species of this plant, namely Ziziphora clinopodioides (Z. clinopodioides), Ziziphora capitata (Z. capitata), Ziziphora persica (Z. persica), and Ziziphora tenuior (Z. tenuior). The Z. tenuior, as a medicinal plant, is used as an antiseptic to treat dysentery, uterine infections, and febrile illnesses. Ziziphora contains chemical ingredients such as pulegone (87%), thymol (3.4%), piperitenone (12.19%), mentha-2-enthol (31.5%), carvacrol (10.5%), menthone (46.4%), and neomenthol (78.4%) [15, 16] . Pulegone has been shown to have anti-bacterial and antifungal properties and with significant effect on different strains of Salmonella and Candida albicans [17] . So far, several studies on the possible scolicidal effect of different fractions of Lamiaceae family including ethanol, ethyl acetate, chloroform, petroleum ether, water, water/ethanol, methanol, and acetone fractions, have been reported [16] [17] [18] . Due to the presence of different ingredients in each fractions, the effect these fractions produce, are different. For example, the polyphenolic compounds in ethyl acetate, chloroform, and n-butanol fractions was reported to be around 19.27%, 4.99%, and 3.94%, respectively, whereas the figures found for petroleum ether and ethanol fractions, were about 0.23% and 1.64%, respectively [18] . Various studies have been conducted on Z. tenuior. In a review study, Ziziphora was introduced as a valuable resource for the treatment of Plasmodium infections [19] with confirmed antibacterial [17] and antifungal properties [20] . Considering the antibacterial activity of Ziziphora, it has been shown that this medicinal plant produces a significant effect on Bacillus subtilis, Escherichia coli, and Staphylococcus epidermidis [21] . There are several controversial reports regarding the immunemodulatory properties of different fractions of Ziziphora as well as its diverse effects on the activity of macrophages and production of free radicals [22] . Researchers have shown that Z. clinopodioides can inhibit the production of TNF-a and reduce oxidative stress [23] . Also, it was reported that this medicinal plan shows inhibitory effect on cellular myeloperoxidase activity [24] . Considering the fact that macrophage dysfunction and promoting an inappropriate Th2 type immune response is the main reason for the echinococcus evasion from the immune system, in the present study, we attempted to assess the scolicidal effects of the extract and different fractions of Z. tenuior and also to study the immunomodulatory properties of the study samples through the production of nitric oxide (NO) from RAW 264.7 cell lines.
Material and methods

Preparation of hydatid cysts and protoscolices
Liver containing hydatid cyst was transferred to the Department of Parasitology from Qazvin and Tehran slaughterhouses.
Under sterile conditions, the contents of cysts were aspirated and placed in the sterile tubes, separately. Calcified and purulent cysts were excluded from the study. Briefly, following disinfection of cyst with iodine, the cysts contents were discharged by 5 and 10 mL syringes and poured into sterile test tubes. After washing with normal saline, the samples were examined for fertility status under light microscope and if fertile cysts were present, the viability of protoscolices was evaluated by 0.1% eosin staining and flame cells movement. Those cysts with more than 90% viability were used for further experiments [23, 25] .
Plant materials
Z. tenuior was purchased from the local herbal market and authenticated by a botanist. Voucher specimens were preserved in the central herbarium of medicinal plants (ACECR). The aerial parts of plant were air-dried at room temperature. Later, this was ground into powder.
Extraction
The aerial part of plant (50 g) was extracted using percolation method by ethanol (80%) at room temperature. The solvent was completely removed by drying under reduced pressure at 40 C in a rotary evaporator. The samples were stored at 4 C until use (3 g, 6% yield) [26] .
Treatment of protoscolices with total extract and different fractions of Z. tenuior
In the current study, protoscolices were treated with five concentrations (3, 5, 10, 25, 50 , and 100 mg/mL) of total extract and each fraction (ethanol, petroleum ether, ethyl acetate and chloroform) in periods of 10, 20, 30, 40, 50 and 60 min. Different concentrations were prepared by adding 3, 5, 10, 25, 50, and 100 mg of extract and each fraction into the tubes containing 9 mL of normal saline. Dissolving of the extract and different fractions was facilitated by adding 0.3 mL of DMSO to each tube followed by mixing the content of tube using an electric magnetic stirrer. Finally, by addition of normal saline, the total volume of each tube was adjusted to 10 mL. In each test tube, 2.5 mL of each concentration plus 100 mL of samples having about 1 000 protoscolex were added and incubated at 37 C for time intervals of 10, 20, 30, 40, 50, and 60 min.
Following incubation, 10 mL normal saline was added to each tube and centrifuged for 1 min at 300 rpm. The supernatant was removed by pipetting and eosin 0.1% was added to the sediment and mixed gently. After a 15-min incubation time, the supernatant was removed; a smear was prepared from the precipitate and studied under light microscope. By analysis of almost 700 protoscolices and counting the stained (dead) and un-stained (live) ones, the percentage of dead protoscolices was calculated. To ensure the accuracy of the test and quality control, a control group (without plant extracts or fractions) was included in all tests and the experiments were repeated three times [9, 27] .
Macrophage cells culture, cell line RAW 264.7
The RAW 264.7 cells, a murine macrophage cell cline, were obtained from the Pasteur Institute of Iran. The cells were cultured and incubated in RPMI 1640 medium with (FBS 10%, 100 U/mL of penicillin and 100 mg/mL of streptomycin) in 5% CO 2 atmosphere at 37 C. When 80% of flask was filled with cells, the cells were scraped from the flask surface following the addition of Try/EDTA (trypsin/ethylene diamante tetra acetic acid), removed from the bottom of the flask, placed into Falcon tubes, and centrifuged. The supernatants were removed and cells suspended in 2 mL of RPMI 1640 medium. Using a Neubauer slide and trypan blue staining, the cells were counted and cultured in individual well of a cell culture plate (5 × 10 4 ) [28] .
Determination of non-toxic concentrations of extract and different fractions by MTT assay
The MTT [3-(4, 5-dimethyl-2-thiazolyl0-2, 5-diphenyle tetrazolium bromide)] assay is based on conversion of tetrazolium salt to formazan dye by mitochondria of living cells. The formazan dye is dissolvable in acidic solution of isopropanol. This test is a standard laboratory method for detecting the cytotoxicity effect of agents. To perform this test, the macrophages were cultured in the presence of different concentrations of extracts and after 48 h, 10 mL of MTT solution was added to all wells and plates were incubated at 37 C for 4 h. Later, the acidic solution and DMSO were added and plates were reincubated for half an hour and finally the plates were analyzed using an ELISA reader system at a wavelength of 570 nm. By performing MTT assay, the non-toxic concentration of herbs was defined for further experiments [29] . The percentage of cell viability in the negative control group was supposed 100 and for the cells affected by certain concentration of the extract, it was calculated by dividing the value obtained for the absorption of treated wells to the value observed for the absorption of negative controls multiplied by 100.
Measurement of nitric oxide
The macrophage cells (5 × 10 4 ) were added to the cell culture plates and later the LPS-activated macrophages (LPS 1 mg/mL) were treated with 10, 100, and 200 mg/mL concentrations of total extract and different fractions of Z. tenuior for 24 h. Two control groups consisted of macrophages with culture medium as negative control and macrophages with culture medium plus LPS as positive control were used. Nitric oxide is very unstable and rapidly converts to nitrite and nitrate. Therefore, the amount of nitrite as an indicator of nitric oxide was measured by Griess method using commercially available kit (Nitric Oxide Colorimetric Assay Kit; BioVision, USA) for this purpose. After 24 h, the supernatant of cell culture was collected and the optical density (OD) of the supernatant was measured at 540 nm according to the manufacturer's instructions. All experiments were repeated three times and each test was performed in triplicate [30] .
Statistical analysis
Statistical analyses were conducted using Sigma Stat for Windows V13 (SPSS, Chicago, IL, USA). Data were analyzed using one-way ANOVA and Tukey Test. A P value less than 5% was considered as significant, statistically.
Results
Protoscolicidal activity of Z. tenuior extract and its fractions
In this study, Z. tenuior extract at 10 mg/mL concentration, was able to kill all protoscolices during 20 min. Our results also showed that increasing the concentration to 25 mg/mL reduced the scolicidal time to 10 min. Considering the effect of different fractions of Z. tenuior against protoscolices, the ethanolic fraction showed the highest effect followed by ethyl acetate, petroleum ether, and chloroform, respectively. The ethanolic and ethyl acetate fractions at 50 mg/mL concentration deactivated all protoscolices within 60 min (Figure 1 ). Increasing the concentration of ethanol and ethyl acetate fractions to 100 mg/mL reduced the scolicidal time to 30 and 50 min, respectively. Fractions of petroleum ether and chloroform at 100 mg/mL concentration killed 97% and 91% of protoscolices within 60 min, respectively (Table 1) .
3.2. Immunomodulatory activity of Z. tenuior extract and its fractions Z. tenuior extract showed immunomodulatory effect on nitric oxide. To determine the appropriate non-toxic concentrations of extract and fractions using MTT assay, the results demonstrated that the extract at concentrations up to 400 mg/mL had no significant toxicity on the cell line used in the study (Figure 2) . The results also revealed that the extract and fractions of Ziziphora had an immunomodulatory effect on the nitric oxide production from RAW 264.7 macrophage cells. Although the total extract had an inhibitory effect on macrophage activity and NO production, however, it was statistically insignificant at 3 concentrations (10, 100, and 200 mg/mL) used during the study. The chloroform fraction at 10-200 mg/mL concentrations, compared with the positive control, failed to show any significant increase in nitric oxide production. Ethyl acetate fraction at 200 mg/mL concentration produced more nitric oxide compared to other fractions; nevertheless, this effect was not significant compared to the positive control. Petroleum ether and ethanol fractions reduced the nitric oxide production which was significant at 10 and 100 mg/mL concentrations (Figure 3 ).
Discussion
Having appropriate scolicidal agents is one of the major concerns of surgeons for hydatid cyst surgery. Several important factors must be considered by relevant clinicians and researchers when searching for appropriate scolicidal agents. This indicates that an appropriate scolicidal compound should be used at the lowest dose possible while having the potential to destroy all protoscolices within the cyst at the shortest time with no toxic effect on patients and the ability to remain stable once diluted by the fluid inside the cyst. Also, scolicidal agents must deactivate daughter cysts as well [31] . Z. clinopodioides, a member of the Lamiaceae family, has been used to treat many diseases and various investigations have been carried out to assess the effects of this plant on different organisms including bacteria, fungi, and parasites [18] . The results of the current study confirmed the anti-parasitic effect of Z. tenuior, reported previously [19] . The results of our study showed the extract and different fractions of Z. tenuior were effective against protoscolices although the effect of the total extract was more significant. Consistent with our finding, in a study conducted on the antibacterial and antifungal effects of the Carpolobia lutea plant extracts and fractions, the authors also showed the extract was more effective compared to the fractions [32] . Our results also revealed that increasing the concentration of extract and each of the fractions, caused increased protoscolicidal effect. In some studies, similar finding concerning the presence of an association between the increased concentration of Z. tenuior and an increase in antibacterial and anti-fungal properties was reported [16, 33] . In our experiments with different fractions, the highest scolicidal effect was observed for ethanolic fraction while the chloroform fraction showed the lowest effect on protoscolices. Nwidu et al. demonstrated that the ethanolic fraction of Carpolobia lutea plant, compared to its chloroform and ethyl acetate fractions, was with better antimicrobial results against Candida albicans [16] . Therefore, there may be some compounds in the ethanolic fraction that, in addition to the antifungal effects, could also demonstrate an anti-protoscolices effect. Unlike the present study, in a research on anticancer effects of seven species of Silver spreader on cancerous and normal cells, the ethanolic and ethyl acetate fractions showed the lowest effect [34] . In our study, except to the ethanolic fraction that showed the highest effect, the ethyl acetate fraction revealed the greatest scolicidal effect followed by petroleum ether and chloroform fractions which destroyed smaller percentage of protoscolices. Similar to our study, in an investigation on the effects of different fractions of the Scrophularia plant on 50 resistant strains of Pseudomonas aeruginosa, it was shown that chloroform fraction was with no significant effect on Pseudomonas aeruginosa [35] . In contrast to our finding, examining the antibacterial effect of different fractions of hazelnut leaves led to this conclusion that the chloroform fraction produces stronger effect compared to petroleum ether and ethyl acetate fractions [36] . On the contrary, in another study the researchers found the petroleum ether fraction of walnut green skin more lethal than those observed for chloroform fraction, a finding similar to that shown in our present study [37] . Therefore, the diverse effects of extracts and fractions on microorganisms could be associated with the type and amount of ingredients present in each extract and fractions as well as the difference in the type of organisms under study. Previously, the scolicidal effect of Thyme, a member of the Lamiaceae family; the same family with Ziziphora, was reported [38] . Also, in a study on the lavender plant from the Lamiaceae family, anti-fungal and antibacterial effects were observed and the reason given for such effect was attributed to the presence of specified compounds such as pulegone, cineol, thymol, and carvacrol [39, 40] . Therefore, the anti-parasitic and scolicidal effect of Z. tenuior and its fractions can be attributed to the presence of similar compounds in Lamiaceae family. Macrophages are considered as professional antigen presenting cells (APCs) in the body. They phagocytose microbial agents and destroy them in phagolysosomes through the production of free toxic radicals such as nitric oxide (NO). Nitric oxide is a key factor in promoting an inflammatory process, thus a reduction in the production of NO leads to inhibition of inflammation [28, 41] . Our finding showed that Z. tenuior reduced the activity of macrophages and the level of nitric oxide. In agreement with our study, a previous investigation showed that Z. clinopodioides inhibited inflammation and help heal the sick by inhibiting the production of tumor necrosis factor alpha (TNF-a) and reducing the oxidative stress [23] . In contrast to our investigation, in a study by Naeini, it was reported that the aqueous extract of Z. clinopodioides increased the activity of macrophages with higher level of toxic oxygen free radicals [22] . Differences in the results of various studies may be due to the differences in the type of extracts and the concentration of active ingredients present in the extracts. Studies have shown that phenolic compounds can inhibit the production of free radicals and the antioxidant properties of these compounds have been proved [42] . In this respect, a study showed that thyme essential oil (the same family with Z. tenuior) produces strong immunomodulatory effect due to the presence of phenolic thymol and carvacrol compounds, thereby, the authors suggested that the immunomodulatory properties of Z. clinopodioides can be attributed to the presence of these compounds [42] . In the current study, among different fractions tested, petroleum ether and ethanol fractions reduced the production of nitric oxide whereas chloroform and ethyl acetate fractions, at their highest concentrations (200 mg/ mL), increased the level of nitric oxide production, indicating a higher antioxidant capacity for ethyl acetate and chloroform fractions, compared to other fractions. Consistent with our finding, a research showed that the polar aqueous and ethyl acetate fractions of Rosemary (within the same family as Z. tenuior) have high antioxidant effect [43] . Also, in another study, strong antioxidant effect was reported for ethyl acetate fraction of thyme, possibly due to the presence of polar compounds such as rosmarinic acid and other phenolic acids [44] . Therefore, in our study, the effect of ethyl acetate and chloroform fractions may be attributed to a higher content of phenolic compounds in these fractions, compared to others; however, further studies to identify the active ingredients of Z. tenuior extract are needed. Shuge and colleagues showed that the ethyl acetate fraction of Z. clinopodioides has the highest antioxidant capacity, compared to other fractions, due to the presence of higher levels of polyphenolic compounds (19.27%) and flavonoids (65.61%). They also demonstrated that the chloroform fraction produced the second highest antioxidant activity after ethyl acetate fraction whereas the petroleum ether fraction, compared to other fractions, showed the lowest antioxidant activity possibly due to lower content of polyphenolic compounds present in the fraction (0.23%) [18] . Hence, in this study, the effect of petroleum ether and ethanol fractions of Ziziphora in reducing the production of nitric oxide may be related to lower content of polyphenolic compounds in these fractions. According to the results obtained in the present study, it can be concluded that the Z. tenuior extract with significant scolicidal effect and antiinflammatory activity could be a good alternative option for the current compounds already used in hydatid cyst surgery. Furthermore, it should be noted that the ethanolic fraction was the only fraction with both scolicidal and anti-inflammatory effect. Except for the total extract of Ziziphora plant, the ethanolic fraction showed the highest scolicidal action and compared to the total extract, it demonstrated greater inhibitory effect on macrophages and nitric oxide production.
